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^^^TENT COOPERATION TRE^^j 

PCT 

INTERNATIONAL SEARCH REPORT 
(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 
P9485-PCT/ST 



International application No. 

PCT/KROO/00723 



FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION ( Form PCT/ISA/220) as well as, where applicable, item 5 below. 



International filing date (day/montMyear) 
05 JULY 2000 (05.07.2000) 



(Earliest) Priority Date (day/montli/year) 
05 JULY 1999 (05.07.1999) 



Applicant 

SAMSUNG ELECTRONICS CO., LTD. et al — 



This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according 
to Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of 



sheets. 



[ ] It is also accompanied by a copy of each prior art document cited in this report. 



2. 
3. 
4. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in tne 
language in which it was filed, unless otherwise indicated under this item. 

| 1 the international search was carried out on the basis of a translation of the international application furnished to this 

1 'Authority (Rule 23. 1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

f~~] filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

I ! the statement that the subsequenlty furnished written sequence listing does not go beyond the disclosure in the 

' ' international application as filed has been furnished. 

I 1 the statement that the information recorded in computer readable form is identical to the written sequence listing has been 

furnished. 

[ [ Certain claims were found unsearchable (See Box I). 
| | Unity of invention is lacking (See Box II). 
With regard to the title, 

jX | the text is approved as submitted by the applicant. 

| 1 the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

[X | the text is approved as submitted by the applicant. 

| | the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box HI. The applicant may, 
~~~ within one month from the date of mailing of this international search report, submit comments to this Authority. 



3,-5- 



The figure of the drawing to be published with thc-abstracHs Figure No~ _ 
□ as suggested by the applicant. □ None of the figures. 

| | because the applicant failed to suggest a figure. 
" jX"! bccausc tn ^ s fig ure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 



INTERN 



AL SEARCH REPORT 



International application No. 
PCT/KROO/00723 



CLASSIFICATION OF SUBJECT MATTER 



BPC7 H04J 11/00, 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimun documentation searched (classification system followed by classification symbols) 
KE, JP, US, EP classes as above 



Documentation searched other than minimun documentation to the extent that such documents are included in the fileds searched 

Korean Patents and applications for inventions since 1975 

Korean Utility models and applications for Utility models since 1975 



Electronic data base consulted during the intertnational.searchXname of data base and, where practicable, search trerms used) 
NPS 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



KE 10-99-003705(DA WOO ELECTRIC) 15 JAN. 1999 
abstract, col.3 line 26 - col. 9 f.g 3, 5, 6, 9, 10 

JP8-79217(VICTORCO.)22 MAR. 1996 
abstract, fig 



1 -8 



1 - 8 



| | Further documents are listed in the continuation of Box C. 



| | See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevence 
"E" earlier application or patent but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



**T" later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
"X" document of particular relevence; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 

step when the document is taken alone 
"Y" document of particular relevence; the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
24-OCTOBER-2000- (24: 1 0.2000) 



Name and mailing address of the ISA/KR 
Korean Industrial Property Office 

Government Complex-Taejon, Dunsan-dong, So-ku, Taejon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472 : 7 140 



Date of mailing of the international search report 
-25-OCTOBER2000 (25:10.2000)" 



Authorized ofTicer 

JEONG, Yong Joo 
Telephone No. 82-42-481-5674 



I 



Form PCT/ISA/2 10 (second sheet) (July 1998) 



COPY FOR IB jfO/0 j50232" 

PATENT COOPERATION TRj^^Y 



PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



REC'D 1 h NOV 2001 



WIPO 



PCT 



(PCT Artcle 36 and Rule 70) 


Applicant's or agent's file reference 
P9485-PCT/ST 


FOR FURTHER ACTION S^ifi^ 

Examination Report (Form PCT/IPEA/416) 


International application No. 

PCT/KR00/00723 


International filing dsLte(day/montJi/year) 
05 JULY 2000 (05.07.2000) 


Priority date (day/montWyear) 
05 JULY 1999 (05.07.1999) 


International Patent Classification (IPC) or national classification and IPC 




IPC7 H04J 11/00 






Applicant 






SAMSUNG ELECTRONICS CO., LTD. et al 





This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



| [ This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 
70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 



I 




n 


□ 


m 


□ 


IV 


□ 


V 




VI 


□ 


vn 


□ 


vm 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Date of submission of the demamd 

11 DECEMBER 2000 (11.12.2000) 


Date of completion of this report 

30 OCTOBER 2001 (30. 10.2001) 


Name and mailing address of the IPEA/KR 
Korean Intellectual Property Office 

Government Complex-Daejeon, Dunsan-dong, Seo-gu, Daejeon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7140 


Authorized officer ^ x ' : '*'^ v ->. % 

JEONG, Yong Joo t r " 
Telephone No. 82-42-481-5674 ''^?Wflj,/ 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



INTERNATIONAL 



* 



MINARY EXAMINATION REPORT 



International aplication No. 
PCT/KROO/00723 



I. Basis of the report 



1. With regard to the elements of the international application:* 

fx"~] the international application as originally filed 
| | the description: 



pages 
pages 
pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



□ 



the claims: 

pages 

pages 

pages 

pages 



, as originally filed 

, as amended (together with any statment) under Article 19 
, filed with the demand 



, filed with the letter of 



I I the drawings: 

pages 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of_ 



the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 
, filed with the demand 



.filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I | the language of publication of the international application(under Rule 48.3(b)). 

I | the language of the translation furnished for the purposes of international preliminary examination( under Rules 55.2 and/ 
1 — 1 or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 



□ 
□ 
□ 
□ 
□ 

□ 
□ 



contained inthe international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form 

The statement that the subsequently furnished written sequence listing does not go beyond the disc losure in the 
international applicationas as filed has been furinshed. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 

the description, pages 
| | the claims, Nos. 



[ [ the drawings, sheet 



5 - CD This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box(Rule 70.2(c)).** 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally filed." and are not annexed to this report since they do not contain amendments (Rules 70 .1 6 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 



Form PCT/IPEA/409 (Box I)(July 1998) 



INTERNATIO^^PRELIMINARY EXAMINATION 4^ 
^* ) 


International aplication No. 
PCT/KROO/00723 


V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 


1 . Statement 




Novelty (N) Claims 1 - 7 


YES 


Claims 


NO 


Inventive step (IS) Claims 1 * 7 


YES 


Claims 


NO 


Industrial applicability (IA) Claims 1-7 


YES 


Claims 


NO 



2. Citations and explanations (Rule 70.7) 

Documents cited in the International Search Report : 

A) KR 99-003705 

B) JP 8-079217 



The claimed invention relates to an apparatus of compensating for a frequency offset 
using a pilot symbol for a transmitter in an OFDM/CDMA system including a receiver for 
performing fine frequency synchronization using a pilot symbol. 

The claimed invention is not considered to be anticipated by the patent document cited. 
None of these documents reveals a receiver for performing fine frequency synchronization 
using a pilot symbol. KR 99-003705 discloses a pilot symbol insertion for channel 
equal izat ion. 

The invention according to the claims 1-7 is therefore considered to be new, to involve 
an inventive step and to be industrially applicable. 



Form PCT/IPEA/409 (Box V) (July 1998) 
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m 10/030232 

'ityf^Kf two or -morY Authorities are competent, 



The demand must be filed directly with H^fnpetent International Preliminary examining Authority ^ 

with the one chosen by the applicant The full name or two-letter code of that Authority may be indicated by th applicant on th line below- 

IPEA/ '' KB 



PCT 

DEMAND 

under Article 31 of the Patent Cooperation Treaty: • 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States(except where otherwise indicates). 



CHAPTER H 



Identification of IPEA 


Date of receipt. of DEMAND 


Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference 
P9485-PCT/ST 


International application No. International filing date* day/month/year) 
PCT/KR00/00723 5 July 2000 ( 05. 07. 2000 ) 


(earliest)Priority date(day/month/year) 
5 July 1999 ( 05. 07. 1999) 


Title of invention APPARATUS OF COMPENSATING FOR FREQUENCY OFFSET USING PILOT 
SYMBOL IN ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING SYSTEM 


Box No. H APPLICANT(S) 


Name and address '(Family name followed by given name: for a legal entity, full official designation. 
The address must include postal code and name of country.) 

c 

SAMSUNG ELECTRONICS CO., LTD. 

416, Maetan-dong, Paldal-gu, Suwon-shi, Kyungki-do, 

442-370, Republic of Korea 


Telephone No.: 

82-31-779-7083 


Facsimile No.: 

82-31-779-7089 


Teleprinter No.: 


Staie( that is, country )oi nationality- KR 


State( that is, country )oi residence: KR 


Name and addreSSYiWy name followed by given name: far a legal entity, full official designation The address must include postal code and name of country.) 

Hye-Jeong KIM 

Wooseong APT. #228-1506, Sohyon-dong, Puntang-gu, Songnam-shi, 463-050, 
Kyonggi-do, Republic of Korea 


State(that is, countryhf nationality: KR 


Statefttetf is, country M residence: KR 


Name and adoYeSSYiWy name followed by given name: for a legal entity, full official designation The address must include postal code and name of country.) 


S\zte(that is, countryhf nationality: ' 


Statef tfiat is, country )oi residence: 


1 | Further applicants are indicated on a continuation sheet. 




Sheet No 2 



International application No 
PCT/KROO/00723 



Box No. ffl AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is ^ agent Q common representative 

and [>\] has been appointed earlier and represents the applicant(s) also for international preliminary examination 

| | i s hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked 

I — I is hereby appointed, speaficaly for the riocedure before before the International Preliminary Examining Authority, In addition to 
I — I the agentCsVoomrim repreentative appointed earlier. — 



Name and addreSS'CFami/y name followed by given name; for a legal entity, full official designation 
The address must include postal code and name cf country.) 

LEE Keon-Joo •' '• *~ -.,:^^.^^.:..™ r — 

Mihwa Bldg. 110-2, Myongryun-dong 4-ga, Chongro-gu, 
Seoul, 110-524, Republic of Korea 



Telephone No.: 

82-2-744-0305 



Facsimile No.: 

82-2-743-5248 



Teleprinter No.: 



Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and 



□ Aoaress ior corresponaence- iviam mis ullcuv-ia>a wirac uu a^a.«. w» — 
the space above is used instead to indicate a special address to which correspondence should be sent 



Box No. tV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments: 

1. The applicant wishes the international preliminary examination to start on the basis of: 
EX] the international application as originally filed 

| | as originally filed 
the description , — . 

| I as amended under Article 34 

[ 1 as originally filed 

the claims Q as amended under Article 19(together with any accompanying statement) 

| | as amended under Article 34 

| | as originally filed 
the drawings j— | ^ ame nded under Article 34 

2 The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 



I — I The applicant wishes the start of the international rrelininary examination to be postponed until the exprraUon of 
o. I — I 20 months from the priority date unless the International preliminary examining Authority receives a copy ot any 
arreritaents made under Article 19 or a notice from the applicant that he does not wish to make such arnendments(Rule 
69.1(d)). (This check-box may be marked only where the time lirrit under Article 19 has net yet expired) 



* Where no check-box is marked, international prelirninary examination will start on the basis of the international application 
as originally filed or, where a copy of arrendments to the claims under Article 19 and/or amendments of the. international 
application under Article 34 are received by the International preBrrinary exarrining Authority before it has begun to daw up a written 
opniai or the international preliminary exanination report as so amended. 



Language for the purposes of international preliminary examination' English 

| | which is the language in which the international application was filed. 

| | which is the language of a translation furnished for the purposes of international search. 

[X] which is the language of publication of the mternational application 

| | which is the language of a translation (to be) furnished for the purposes of international preHninary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible Statesfzta is, all States which have been designated and which are bound by Chapter E cf 
the PCT) 

Excluding the following States which the applicant wishes not to elect: 



Form PCTAPEA/401 (second sheet) (July 1998; reprint July 2000) 



See Notes to the demand form 
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International application No. 
PCT/KR00/00723 



Box No. VI CHECK LIST 






The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination: 


For International Preliminary 
Examining Authority use only 

received Not received 


1. translation of international application y sheets 


□ 


□ 


2. amendments under Article 34 sheets 


□ 


□ 


3. copy(or t where required, translation )of 
amendment under Article 19 : sheets 


□ 


□ 


4. copy(or, where required^ translation^ 
Statement under Article 19 sheets 


□ 


□ 


5. letter : sheets 


□ 


□ 


6. otherfspecify) : sheets 


□ 


□ 



The demand is also accompanied by the item(s) marked below: 

1. Kl fee calculation sheet * 4. Q statement explaining lack of signature 

2. [~~] separate signed power of attorney 

« i—i copy of general power of attorney; 6 [— I other ( specify): 



I — I ^deotide anc * or amino acid sequence 
* I — I listing in computer readable form 



Box No. Vfl SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



Next to each signature, indicate the name of th person signing and the capacity in which the person singsdf such capacity is not obous from reading the demand). 

LEE Keon-Joo 
Agent for the applicant 



For International Preliminary Examining Authority use only 



1. Date of actual receipt of DEMAND: 



2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b) 



I — i The date of receipt of the demand is AFTER the expiration of 19 months 
3 * l_l from the priority date and item 4 or 5, below, does not apply. 



j — j The applicant has been 



informed accordingly. 



□ The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 
Rule 80.5 



I — j Although the date of receipt of the demand is after the experation of 19 months from the priority date, the delay in 
5 - I I arrival is EXCUSED pursuant to rule S 



For International Bureau use only 



Demand received from IPEA on- 



Forra PCT/lPEA/401(last sheetXJuly 1998; reprint July 2000) 



See Notes to the demand form 



PCT 



CHAPTER H 



" T^^MTUIATION SHEET 

Annex to the Demand for international preliminary examination 

- For International Preliminary .Examining Authority use only 



International 
application No. 



PCT/KR00/00723 



Applicant's or agent's 
file reference 



P9485-PCT/ST 



Date stamp of the IPEA 



Applicant 



SAMSUNG ELECTRONICS CO. LTD. 



Calculation of prescribed fees 

1. Preliminary examination fee 

2. Handling fee (Applicants from certain States are 
entiltled to a reduction of 75% of the handling fee. 
Where the applicant is (or . all applicants are) so en- 
titled the amount to be entered at H is 25% of the 
handlig fee.) 

o 

3. Total of prescribed fees 

Add the amounts entered at P and H 

and enter total in the TOTAL box 



W 150,000 



W 166,400 



H 



W 316,400 



TOTAL 



Mode of Payment 

□ authorization to caarge deposit fSTI 

accout with the IPEA (see below) ^ 

[ [ cheque j - 1 

postal money order j^J 



□ 



| | bank draft 



□ 



cash 

revenue stamps 
coupons 
others^ specify)' 



Deposit Account Authorization (this mode of payment may not be available at all IPEAs) 

The IPEA/ EH is hereby authorized to charge the total fees indicated above to my deposit account 



□ 



(this check-box may be marked only if the conditions for deposit accounts of the IPEA so permit) 
is hereby authorized to charge any deficiency or credit any overpayment in the total fees indicated 
above to my deposit account 



Deposit Account Number Datef aay/rnonth/year) signature 

FoOT.PCT/IPEA/401(Annex sheetKJuly 1998; reprint July 2000) See Notes to the demand form 



ATENT COOPERATION TRE 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

LEE^Keon Jpp___ 



Mihwa Bldg., 1 10-2, Myongryun-dong 4-ga, Chongno-gu, Seoul 
1 10-524, Republic of Korea 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1 ) 



Date of mailing 

(day/month/year) 05 NOVEMBER 2001 (05.1 1.2001) 



Applicant's or agent's file reference 
P9485-PCT/ST 



IMPORTANT NOTIFICATION 



International application No. 

PCT/KR00/00723 



International filing date (day/montWyear) 
05 JULY 2000 (05.07.2000) 



Priority date (day/ months/year) 
05 JULY 1999 (05.07.1999) 



Applicant 

SAMSUNG ELECTRONICS CO., LTD. et al 



1 The applicant is hereby notified that International Preliminary Examining Authority transmits herewith the international 
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APPARATUS OF COMPENSATING FOR FREQUENC Y OFFSET USING 
PILOT SYMBOL IN AN ORTHOGONAL FREQU ENCY DIVISION 
MULTIPLEXING SYSTEM 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to a frequency offset compensation 
apparatus for an OFDM/CDMA (Orthogonal Frequency Division Multiplexing/Code 
1 0 Division Multiple Access) system, and in particular, to a frequency offset compensation 
apparatus which compensates for a frequency offset {or frequency error) using a guard 
interval and a pilot symbol. 

2. Description of the Related Art 

15 As the types of the recent multimedia services are diversified, it is necessary to 

transmit data at high speed. In addition, as the user's demand for construction of a 
wireless network increases, a wireless asynchronous transmission mode (hereinafter, 
referred to as "WATM") market is expanded. Thus, every country forms various 
organizations for WATM standardization to expedite implementation of the WATM 

20 technology. For implementation of such a high-speed data transmission technology, 
active researches are being carried out on a method for using the orthogonal frequency 
division multiplexing (hereinafter, referred to as "OFDM") technology in implementing 
the high-speed data transmission. In the OFDM technology, data is transmitted on a 
plurality of subcarriers after inverse fast Fourier transform (IFFT), and the transmitted 

25 subcarriers are converted to the original data in an OFDM receiver through fast Fourier 
transform (FFT). 

FIG. 1 illustrates a structure of a general OFDM/CDMA system. With 
reference to FIG. 1, a description will be made of the structure and operation of a 
30 transceiver in the OFDM/CDMA system. 

First, the structure of a transmitter will be described. A spreader 101 spreads 
data symbol streams to be transmitted by multiplying the data symbol streams by a code 
of an N rate in a data symbol unit Herein, N data bits obtained by multiplying the data 
35 symbol by the code of N rate will be referred to as "data samples". The N data samples 
spread from the data symbol are parallelized by a serial-to-parallel (S/P) converter 103 
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and then, input to a pilot sample inserter 105. The pilot sample inserter 105 receives the 
N data samples in parallel, punctures the received data samples at regular intervals, and 
then inserts pilot data samples as shown in FIG. 2, and the pilot sample-inserted data 
symbol is provided to an inverse fast Fourier transform ;(IFFT) : section 107. The IFFT 
5 107 receives in parallel the pilot sample-inserted data samples in the data symbol unit 
and performs inverse fast Fourier transform on the received data samples. In the 
following description, the IFFT-transformed data output from the IFFT 107 will be 
referred to as "OFDM symbol". The OFDM symbol is also comprised of N data 
samples. The OFDM symbol output from the IFFT 107 is input to a guard interval 
10 inserter 109. The guard interval inserter 109 copies a part of the rear end of the received 
OFDM symbol and inserts it in the front of the OFDM symbol. The guard interval- 
inserted OFDM symbol is converted to an analog OFDM symbol by a digital-to-analog 
. converter (DAC) 111 and the converted analog OFDM symbol is transmitted after up- 
conversion. 

15 o . 

Next, a receiver down-converts the analog signal transmitted from the 

transmitter. Because of the inaccuracy of an oscillator used during the down-conversion, 

the baseband signal includes a frequency offset. The analog signal is converted to a 

digital OFDM symbol by an analog-to-digital converter (ADC) 121 and then, applied to 

20 a guard interval remover 123. The guard interval remover 123 frame-synchronizes the 
OFDM symbol output from the ADC 121, and after frame synchronization, removes the 
guard interval included in the OFDM symbol, the guard interval-removed OFDM 
symbol being applied to a fast Fourier transform (FFT) section 125. The FFT 125 FFT- 
transforms the OFDM symbol output from the guard interval remover 123 and outputs a 

25 data symbol. At this point, since a signal is obtained which is shifted by the frequency 
offset included during the down-conversion, it is difficult to recover the original data. 
Particularly, in an OFDM/CDMA system where a desired signal is carried at each 
frequency band, the frequency offset should be correctly estimated and compensated for 
to recover the original signal. To compensate for the frequency offset, a carrier 

30 synchronizer 127 detects a pilot sample from the data symbol output from the FFT 125, 
and performs carrier synchronization using the detected pilot sample. A despreader 129 
despreads the data symbol output from the FFT 125, which was spread into N data 
samples, and outputs the original data symbol. 

35 The FFT 125 generally recovers the frequency offset using the FFT 

characteristics shown in Equation (1) below. 
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where X[n] is an input signal in a time domain, which is input to the FFT, Wfj* is an 
5 offset term, and X[k-k 0 ] denotes a received signal with a frequency offset, which is 
shifted by k<> from the transmission signal during down-conversion. 

FIG. 2 illustrates a data structure used in the general OFDM/CDMA system, 
which shows that the pilot data samples are inserted after puncturing N data samples for 
10 each data symbol in a specific pattern. Since the pilot data samples are inserted in a 
specific pattern, Equation (1) is calculated using the pilot data samples and the 
frequency offset is compensated for by calculating a shift amount ko of the data 
calculated by Equation (1). 

15 in an ideal system, since the pilot samples received as shown in Equation (1) 

are received in a position shifted by ko samples from the original reference sample 
position, it is possible to calculate the frequency offset ko by estimating the shifted value 
using a correlator. However, in the OFDM/CDMA system, use of the above pilot 
samples causes such performance degradation as an increase of over 2 times in a data 

20 rate, complication of a receiving stage for compensating for the frequency offset, and an 
increase in a noise level, so that it is difficult to use the pilot samples. 

A non-ideal system has the more serious problems. The factors affecting the 
IFFT-transformed signal include a timing error, a common phase error (CPE) and the 

25 noises. In the receiver, a timing error r^ in a time domain, after passing the FFT stage, 
are expressed by the product of the original signal in the frequency domain and an 
exponential term. This ultimately affects even the pilot sample value, so that an increase 
of this value may cause considerable performance degradation of the correlator. 
Therefore, in the OFDM/CDMA system, it is difficult for the conventional frequency 

30 offset compensation method to detect a correct frequency offset value. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a transmitter which 
, 3 5 inserts pilots (or pilot symbols) of a symbol unit at regular intervals when transmitting a 
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data symbol steam, to enable exact frequency offset correction at a receiver. 

It is another object of the present invention to provide a frequency offset 
compensation apparatus which compensates twice for a frequency offset using a guard 
5 interval and a pilot symbol included in received frame data in which pilot symbols are 
inserted at regular intervals. 

To achieve the above object, a transmitter for an OFDM system includes a 
modulator for OFDM-modulating a received data symbol, a guard interval inserter for 
1 0 inserting a guard interval in the OFDM-modulated data symbol, a pilot symbol inserter 
for inserting a pilot symbol in the data of frame unit output from the guard interval 
inserter at regular intervals, and an analog-to-digital converter for converting the data 
output from the pilot symbol inserter to an analog signal. 

15 To achieve another object, a receiver for an OFDM system, which receives an 

OFDM signal for which a pilot symbol is inserted in data of a frame unit at regular 
intervals and a guard interval is inserted in a data symbol, includes a first carrier 
synchronizer for receiving a data symbol stream obtained by converting the OFDM 
signal to digital data and compensating for an approximate frequency offset by detecting 

20 the guard interval of each data symbol, a fast Fourier transform section for OFDM- 
demodulating the signal output from the first carrier synchronizer, and a second carrier 
synchronizer for compensating for a fine frequency offset by detecting the pilot symbol 
from the demodulated data symbol stream. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention 
will become more apparent from the following detailed description when taken in 
conjunction with the accompanying drawings in which: 
30 FIG. 1 is a diagram illustrating a structure of a general OFDM/CDMA system; 

FIG. 2 is a diagram illustrating a data structure using pilot samples in a general 

OFDM/CDMA system; 

FIG. 3 is a diagram illustrating a structure of a transmitter in an OFDM/CDMA 
system according to an embodiment of the present invention; 
35 FIG. 4A is a diagram illustrating pilot symbol-inserted frame structure in an 

OFDM/CDMA system according to an embodiment of the present invention; 
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FIG. 4B is a diagram illustrating a guard interval-inserted frame structure in an 
OFDM/CDMA system according to an embodiment of the present invention; 

FIG. 5 is a diagram illustrating a structure of a receiver in an OFDM/CDMA 
system according to an embodiment of.the presenHnyention;, - , 
5 FIG. 6 is a diagram illustrating a detailed structure of the first carrier 

synchronize of FIG. 5; and 

FIG. 7 is a diagram illustrating a detailed structure of the second carrier 

synchronizer of FIG. 5. 
1 0 DETAILED DES CRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be described herein 
below with reference to the accompanying drawings. In the following description, well- 
known functions or constructions are not described in detail since they would obscure 
15 the invention in unnecessary detail. o 

In an exemplary embodiment of the present invention, a guard interval and a 
pilot symbol are used to estimate a frequency offset in such actual states as tuning error, 
common phase error and noises. A structure of a transmitter for inserting the guard 
20 interval and the pilot symbol before transmission will be described below with reference 
to FIG. 3. 

A serial-to-parallel (S/P) converter 201 receives in series a data symbol, which 
is spread with a code of length N and comprised of N data samples, and outputs the N 

25 data samples in parallel. A pilot symbol inserter 203 receives in parallel the N data 
samples from the S/P converter 201, and inserts pilot symbols in a frame in a specific 
pattern before transmission. The pilot symbol inserter 203 can be comprised of means 
(not shown) for generating the pilot symbol and switching means (now shown) for 
switching the data symbol and the pilot symbol according to a specific partem. The 

30 switching means can be comprised of a multiplexer. The pilot symbol inserter 203 can 
also be positioned in a preceding stage of the S/P converter 201. An inverse fast Fourier 
transform (IFFT) section 205 receives in parallel the N data samples output from the 
pilot symbol inserter 203, performs inverse fast Fourier transform on the received data 
samples, and outputs the IFFT-transformed OFDM symbol to a parallel-to-serial (P/S) 
35 converter 207. The IFFT-transformed OFDM symbol is comprised of N data samples. 

Since the N data samples of the OFDM symbol are OFDM-modulated in the data 
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symbol unit, those are different from the N data samples before the IFFT operation. The 
P/S converter 207 serializes the IFFT-transfonned N data samples and outputs them to a 
guard interval inserter 209. The guard interval inserter 209 copies a part of the rear end 
of the OFDM symbol output from Jth^ inserts it in the front of the 

data symbol. In the following description, it will be assumed that the number of data 
samples in the guard interval is N (the number of data samples) x 1/2. 

A digital-to-analog converter (DAC) 213 converts the OFDM symbol output 
from the guard interval inserter 209 and then up-converts the converted OFDM symbol 
before transmission. 

FIG. 4A illustrates a pilot symbol-inserted frame structure in an 
OFDM/CDMA system according to an embodiment of the present invention, wherein 
the hatched symbols #0 and #5 are the pilot symbols, and the pilot symbols are inserted 
at intervals of 4 data symbols. The pilot symbols can also be inserted in one frame at 
regular intervals or inserted at regular intervals without frame separation. 

FIG. 4B illustrates a guard interval-inserted frame structure output from the 
guard interval inserter 209 of FIG. 3, in an OFDM/CDMA system according to an 
embodiment of the present invention. 

In FIG. 4B, for the guard interval of each OFDM symbol, a part of the rear end 
of the corresponding OFDM symbol is copied and inserted in the front of the OFDM 
symbol. In the embodiment of the present invention, a length of the guard interval is 
determined as 1/2 the number N of the data samples. 

FIG. 5 illustrates a structure of a receiver in an OFDM/CDMA system 
according to an embodiment of the present invention. 

In actual circumstances, the receiver of the OFDM/CDMA system has the 
frequency offset, the common phase error, the noises and the timing error. The signals 
received in the actual circumstances should be modeled. As illustrated in FIG. 3, if it is 
assumed that the signal at the input end of the IFFT 205 in the transmitter of the 
OFDM/CDMA system is X^k) and the signal passed the IFFT 205, in which the guard 
interval is not inserted yet, is XJn], a signal FFT-transformed by the receiver after 
removing y' m [n] and the guard interval from an analog-to-digital converted signal will 
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be defined as Y* m [k] in the following description. 

If a frequency offset per symbol is k, [Hz/symbol], then a frequency offset per 
sample is : : k e /N [Hz/sample] ahd'a frequency offset kjn] of an n* sample of an m* 
5 symbol is expressed by Equation (2) below. 

*.W-^«{^+G)+^ (2) 

where G denotes the number of samples in the guard interval. 

10 

In the receiver, a signal y m [n] including the frequency offset, the common 
phase error and the noises is expressed by Equation (3) below, in which for convenience, 
the number of samples is given from -G to N- 1 . 

15 yJM-XJLny*»***-*" + WJ*l 

= X m [n].e * -e* + W m [ri\ 

- XJn] ■ e ,1J ■ e . " • + *LM < 3 > 

where P e denotes the common phase error and WJn] denotes AWGN (Additive White 
20 Gaussian Noise) of the m* symbol. 

Now, the structure and operation of the receiver will be described with 
reference o FIG. 5. An analog-to-digital converter (ADC) 221 down-converts the analog 
signal transmitted from the transmitter and converts the down-converted analog signal 
25 to a digital OFDM symbol. In the following description, the signal output from the 
ADC 221 will be defined as y'Jn]. A first carrier synchronizer 223 is a carrier 
synchronizer which uses the guard interval. The first carrier synchronizer 223 receives 
the OFDM symbol output from the ADC 221, detects a guard interval G of the FODM 
symbol and G data samples (hereinafter, referred to as copied data samples) at the rear 
30 end of the data symbol used to insert the guard interval, and performs frequency 
synchronization by compensating for the frequency offset of the OFDM symbol output 
from the ADC 221 using the guard interval and the data samples copied to generate the 
guard interval. In the embodiment of the present invention, the number G of the data 
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samples in the guard interval is 1/2 the number N of the data samples of the data symbol. 
If a signal of the guard interval, i.e., the guard interval comprised of the G data samples 
inserted in the front of the m* OFDM symbol is defined as GJn] and the last G data 
Samples of the OFDM symbol, i.e., the data samples copied to create the guard interval 
is defined as RJn], then GJn] and RJn] can be expressed by Equation (4) below. 

GJn]= yJn-G]-e " e N •e iP ' + WJn-G] 
R m [ri\= yjn + N-G]e * -e » + WJn* N- G] . . . (4) 

A detailed description will be made of a carrier synchronizing operation using 
the guard interval of the first carrier synchronizer 223 in accordance with Equations (2) 
to (4). The first carrier synchronizer 223 detects phases of the G m [n] and RJn], and 
calculates a phase difference between the detected phases of G m [n] and RJn], The 
phase difference between GJn] and Rm[n] is expressed by Equation (5) below. 

m 2x k\n- G] 2nk e m[N+G] ,„ rr _ , 

Z GJn] = Z XJn- G] + — ^ + j} + P. + ^ WJn- G] 

2xk[n+N-G] 2xkMN+G] r 
ARJn] = LXJn* N- G] + — ^ — ^ + P. * * WJn* N- G] 

ARJn}- Z GJn] = LXJn* N- G]- LXJn- G] 

+ 2*k.[n+ N-G}_ 2xk e [n-G} + £ + G] _ WJp _ G] 

20 =2xk. + ZW a [n+ N-G]-ZWJn-G] (5) 

In Equation (5), X Jn+N+G] and XJn-G] are the identical signal, so that the 
phase difference is *0'. 

25 When the phase difference between GJn] and RJn] is calculated from 

Equation (5), the first carrier synchronizer 223 calculates an average value of the phase 
difference using Equation (6) below. The first carrier synchronizer 223 performs carrier 
synchronization by approximately compensating for the frequency offset of the data 
input from the ADC 221 based on the calculated average value. 

30 



15 
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avzURM- ZG„,[n]} 
k '~ In 

: P/~-.-. r Here, if there exists a timing error, there is a case where Equations (2). to (6) 
are not correct. If the timing error such as an FFT start point detection error and a 
timing frequency offset is n t , a signal y'Jn] including the timing error can be expressed 
by Equation (7) below. 

l-pikA*-".} j2*kMn+0} 

- XJn- nj- e » ■ e » • e"- + WJn- «,] (7) 

Here, y'Jn] includes data samples of the (m-l)* OFDM symbol or the (m+1)* 
OFDM symbol according to the value of n,. On the above assumption, the phase 
difference of the respective samples is calculated by Equation (8) below. 

0 

15 Z-R>]- ZG>] = ZXJn+ N~ G- nj- ZXJn- G- «,] 

2*k.\n+N-G-n.1 2zkjn- G- n e ] + £ Q _ WJfl _ Q _ „ , j 
N N 
= 2xk t + Z PK m [n+ JV- G- n e ]- Z WJn- G-n c ] (8) 

In Equation (8), GJn] and R,[n] have the values shifted by n« from their 
20 original values, so that the range of XJn+N+G-nJ and XJn-G-nJ becomes imv 
n e +l, ... G-l, and n=0, 1, 2, .., G-n e -l for the negative number. Hence, if an approximate 
range of the timing error of the system is known, the frequency offset is calculated in 
the interval from which the range is excluded. For example, if the maximum timing 
error does not exceed 'a', the frequency offset can be estimated using Equation (9) 
25 below by calculating the phase difference in the interval of n=a, a+l, ... G-a-2, G-a-1, 
and calculating the average value. 

, avg[ZRJn)-ZGJn)} 

30 Equations (2) to (9) are used when the first carrier synchronizer 223 performs 

carrier synchronization by estimating the approximate frequency offset. The first carrier 
synchronizer 223 has the better performance when the used guard interval becomes 
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longer and the timing error of the system has the narrower range. Otherwise, the 
frequency offset measuring interval becomes shorter, so that the first carrier 
synchronizer is more affected by the noises and has a difficulty in correctly measuring 
the frequency offset. After the approximate carrier synchronization, a guard interval 
remover 225 removes the guard interval from the received data output from the first 
carrier synchronizer 223 and outputs the guard interval-removed data to a fast Fourier 
transform (FFT) section 227. The FFT 227 receives the guard interval-removed OFDM 
symbol, performs the -FFT operation on the received OFDM symbol and outputs the 
original data symbol. 

A second earner synchronizer 229 receives the data symbol FFT-transformed 
by the FFT 227 and performs fine carrier synchronization on the received data symbol. 
Specifically, the second carrier synchronizer 229 detects the pilot symbol of the symbol 
unit from the data symbol stream, and calculates a phase of the detected pilot symbol. 
The second carrier synchronizer 229 estimates the fine frequency offset by calculating a 
phase difference between the calculated phase of the pilot symbol and a known phase of 
a pilot symbol. After estimation of the fine frequency offset, the second carrier 
synchronizer 229 performs fine carrier synchronization by compensating for the 
estimated fine frequency offset. 

An operation of the second carrier synchronizer 229 will be mathematically 
described below. For the data symbol output from the FFT 227, a frequency offset 
according to the FFT characteristics is a shift timing error of the signal and is converted 
to a variation of the phase. This can be expressed by Equation (10) below. 

m xjk- " -Kit-*,) ( 10 > 

where denotes the fine frequency offset. 

If only the pilot symbol is detected from the received data, the range of m is 0, 
1-1, 21-1, 31-1, where 1 denotes a period for inserting the pilot symbol of the symbol 
unit. 
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The phase difference of the received pilot symbol is calculated by Equation 
(11) below. 

z/ m [*] = ZX m [k- k^-jf-k ^ + — "+ P.* * W m [k- k,).... (ID 

5 . . 

In Equation (11), the second term is expressed in terms of a specific variation 

of the phase according to an index k, the next three terms are expressed in terms of a 

constant phase offset, and the last term is expressed in terms of a variation of the phase. 

If the transmitter continuously uses the same pilot symbol and the time error, the 
10 common phase error and the frequency offset are identical during the pilot symbol 

insertion period, then a phase difference between consecutive two pilot symbols Y^'flc) 

and Y^i,, is calculated by 

2xk,m^ [N+ G] 2xk imiT [N+ G] 
15 = tX mm . l lk-W-ZX m .[k-k,-\+ jf 

+ Z Wnjk- k,}- Z W^k- kj] • • (12) 

If the transmitter uses the same pilot symbol as stated above, the first term and 
the second term have the same value. Hence, Equation (12) can be expressed by 
20 Equation (13) below. 

diff^ - - m ^ rk ^ +G h Z W^[k- ki] - Z W m +k- k t ] 

m 7 2^[iV + G] + ^ k ] _ z w [k . ki] (13) 

/v 

25 In Equation (13), the first term is expressed in terms of a constant for N 

samples of one pilot symbol, and the other tenns are expressed in terms of a variation 
due to the noises. Hence, by calculating an average value of the phase differences for N 
samples, it is possible to obtain the constant of the first term, from which the influence 
of the noises is almost removed. From this value, it is possible to calculate a fine 

30 frequency offset lq in accordance with Equation (14) below. 
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•~ 2ff[N+G)*I " 

' After "calculating the fine frequency offset using Equation (14), the second 
carrier synchronizer 229 performs carrier synchronization by compensating for a 
5 frequency offset of the OFDM symbol based on the calculated frequency offset, and 
provides its output to a despreader 231. The despreader 231 despreads the fine 
frequency-synchronized received data. 

The detailed structure of the first carrier synchronizer 223 and the second 
1 0 carrier synchronizer 229 will be described with reference to FIGS. 6 and 7. Specifically, 
FIG. 6 illustrates the detailed structure of the first carrier synchronizer of FIG. 5, and 
FIG. 7 illustrates the detailed structure of the second carrier synchronizer of FIG. 5. 

In FIG. 6, a guard interval detector 301 receives the OFDM symbol stream 
1 5 including the respective guard intervals, output from the ADC 221 of FIG. 5, detects the 
respective guard intervals G m [n] included in the OFDM symbol stream, and calculates 
phases of the respective guard intervals G m [n]. A copied sample detector 303 receives 
the OFDM symbol stream, detects data samples (hereinafter, referred to as "copied data 
samples") of the OFDM symbol copied to create the guard intervals GJn] to be 
20 detected, and calculates phases of the copied data samples. In Equations (2) to (9), the 
copied data samples are indicated by Rjn]. A phase difference detector 305 calculates 
phase differences between the data samples of the guard intervals GJn] output from the 
guard interval detector 301 and the copied data samples Rjn] output from the copied 
sample detector 303, and outputs the detected phase differences to an averager 307. The 
25 averager 307 calculates an approximate frequency offset by averaging the phase 
differences output from the phase difference detector 305 in a unit of G (=R), and 
outputs an approximate frequency offset compensation signal to a first frequency offset 
compensator 309. The first frequency offset compensator 309 receives the OFDM 
symbol stream including the guard intervals output from the ADC 221, and 
30 compensates for the approximate frequency offset of the OFDM symbol stream 
according to the approximate frequency offset compensation signal output from the 
averager 307. 

In FIG. 7, a pilot symbol detector 311 receives IFFT-transformed received data 
35 output from the FFT 227, and detects a pilot symbol included in the received data. The 
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pilot symbol output from the pilot symbol detector 311 is applied to a delay 312 and a 
phase difference detector 313. The delay 312 buffers the detected pilot symbol, delays 
the buffered pilot symbol by the pilot symbol insertion period, and then outputs the 
- delayed pilot symbol to a phase difference detector 313. The phase difference detector 
313 receives the pilot symbol detected by the pilot symbol detector 311 and the pilot 
symbol delayed by the symbol insertion period from the detected pilot symbol, output 
from the delay 312, calculates phase differences between the corresponding samples of 
the two pilot symbols, and outputs the calculated phase differences to an averager 314. 
The averager 314 estimates the fine frequency offset by calculating an average value of 
the phase differences in the pilot symbol period. After estimation of the fine frequency 
offset, the averager 314 outputs a fine frequency offset compensation signal for the fine 
frequency offset to a second offset compensator 315. The second offset compensator 
315 receives the FFT-transformed received data from the FFT 327, and compensates for 
a fine frequency offset of the received data according to the fine frequency offset 
compensation signal output from the averager 3 14. 

As described above, the invention can compensate for a frequency offset even 
in a situation where the timing error is not compensated for, and increase the accuracy 
of frequency offset estimation by removing the influence of the variation due to the 
noises. 
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WHAT IS CLAIMED IS: 

1 An apparatus of compensating for a frequency offset using a pilot 

.; --symbol for a transmitter in an OFDM/CDMA . (Orthogonal Frequency Division 
5 Multiplexing/Code Division Multiple Access) system including a receiver .for 
performing fine frequency synchronization using a pilot symbol, comprising: 

a pilot symbol inserter for receiving a spread data symbol stream and inserting 
a pilot symbol in a symbol unit according to a predetermined pattern. 

10 2. An apparatus of compensating for a frequency offset using a pilot 

symbol for a transmitter in an OFDM/CDMA system including a receiver for 
performing fine frequency synchronization using a pilot symbol, comprising: 

a pilot symbol inserter for receiving a spread data symbol steam, and inserting 
a pilot symbol at intervals of predetermined data symbols; 
15 a serial-to-parallel (S/P) converter for receiving the pilot symbol-inserted data 

symbol stream, and outputting N data samples of a symbol unit in parallel; 

an inverse fast Fourier transform (EFFT) section for performing an EFFT 
operation on the N data samples; 

a parallel-to-serial (P/S) converter for serializing the IFFT-transfonned N data 
20 samples and outputting an OFDM symbol; and 

a guard interval inserter for copying a part of the N data samples of the OFDM 
symbol and inserting thecopied data samples in the front of the OFDM symbol. 

3. Ati apparatus of compensating a frequency offset using a pilot symbol 
25 for a receiver in an OFDM/CDMA system including a transmitter for inserting a pilot 

symbol in a data symbol of frame unit in a specific pattern before transmission, 
comprising: 

a carrier synchronizer for compensating for a fine frequency offset using the 
pilot symbol inserted in the specific pattern out of the IFFT-transformed data symbol 
30 stream. 

4. The apparatus as claimed in claim 3, wherein the carrier synchronizer 
comprises: 

a pilot symbol detector for detecting a pilot symbol from an OFDM- 
3 5 demodulated data symbol stream; 

a delay for delaying the detected pilot symbol by a predetermined time; 
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a phase difference detector for detecting a phase of the pilot symbol output 
from the pilot symbol detector and a phase of the delayed pilot symbol output from the 
delay, and calculating a phase difference between the two pilot symbols; 
... - - -an averager for calculating a fine frequency offset by averaging the phase 
differences in a frame unit and outputting a second frequency offset compensation 
signal according to the fine frequency offset; and 

a second frequency offset compensator for compensating for a fine frequency 
offset of the demodulated data symbol according to the second frequency offset 
compensation signal. 



5. An apparatus of compensating for a frequency offset using a pilot 

symbol for a receiver in an OFDM/CDMA system including a transmitter for inserting a 
pilot symbol in a data symbol stream of a frame unit in a specific pattern before 
transmission, comprising: 
15 a first carrier synchronizer for receiving an OFDM symbol stream including 

received guard intervals and performing approximate frequency synchronization on the 
received OFDM symbol stream using the guard interval; 

a guard interval remover for removing the guard intervals from the OFMD 
symbol streams after performing frequency synchronization; 
20 a fast Fourier transform (FFT) section for performing an FFT operation on the 

guard interval-removed OFDM symbol and outputting the data symbol; and 

a second carrier synchronizer for compensating for a fine frequency offset 
using the pilot symbol inserted in the data symbol stream in the specific pattern. 

25 6. The apparatus as claimed in claim 5, wherein the first carrier 

synchronizer comprises: 

a guard interval detector for detecting a guard interval from the OFDM symbol 

stream; 

a copied sample detector for detecting data samples copied to create the 
30 detected guard interval, from the OFDM symbol stream; 

a phase difference detector for calculating a phase of the data samples of the 
detected guard interval and a phase of the copied data samples, and calculating a phase 
difference between the two data samples; 

an averager for calculating a frequency error by averaging the phase 
3 5 differences output from the phase difference detector in the frame unit, and outputting a 
first frequency offset compensation signal according to the frequency offset; and 
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a first frequency offset compensator for compensating for a frequency offset of 
the OFDM symbol according to the first frequency offset compensation signal. 

7. The apparatus as claimed in claim 5, wherein the second carrier 

synchronizer comprises: 

* a pilot symbol detector for detecting the pilot symbol from the data symbol 

stream; 

a delay for delaying the pilot symbol by a pilot symbol insertion period; 

a phase difference detector for detecting a phase of a pilot symbol output from 
the pilot symbol detector and a phase of the delayed pilot symbol output from the delay, 
and calculating a phase difference between the two pilot symbols; 

an average for calculating a fine frequency offset by averaging the phase 
. differences, received in the frame unit, and outputting a second frequency offset 
compensation signal according to the fine frequency offset; and 

a second frequency offset compensator for compensating a fine frequency error 
of the demodulated data symbol according to the second frequency offeet compensation 
signal. 

8. The apparatus as claimed in claim 7, wherein the fine frequency offset 

is calculated by 
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